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CLAIMS; 

1 . A micro-structured optical fibre for transmitting at least a predetermined 
wavelength of light, said optical fibre hijving an axial direction and a cross 
section perpendicular to said axial direction, said optical fibre comprising: 

a core region having a multiplicity of spaced apart core features that are 
elongated in the fibre axial direction and disposed in a core material, said core 
region having an effective index of refraction Nco, 



10 



15 



20 



a cladding region surrounding said core region, said cladding region comprising 
a multiplicity of spaced apart cladding features that are elongated in the fibe 
axial direction and disposed in a first cladding material, and said cladding 
region having an effective index of refraction Nc, wherein a plurality of said 
cladding features have a cross-sectional dimension perpendicular to said axial 
direction being larger than said predetermined wavelength. 

A micro-structured optical fibre according to claim 1 , wherein the effective 
index of refraction of the core region, N^. is larger than the effective index of 
refraction of the cladding region, N,,, at said predetermined wavelength of light. 

A micro-structured optical fibre according to claim 1 or 2, wherein the 
. refractive index of one or more o^fe core features is lower than the refractive 
index of the core material. 



25 
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4. A micro-structured optical fibre^according to claim 3, wherein the refractive 
/: 4"' index of a majority or all of the cbre features is lower than the refractive index 
of the core material. 

A micro-structured optical fibre according to claim 1, 2 or 3, wherein the 
refractive index of one or more of the core features is higher than the refractive 
index of the core material. 



A micro-structured optical fibre according to claim 1 or 2, wherein the 
refractive index of a majority or all of the core features is higher than the 
refractive index of the core material. 



10 



* 7. A micro-structured optical fibre according to any of the claims 1 -6, wherein the 
refractive index of one or more of the cladding features is lower than the 
1 5 refractive index of the claddi>^ material. 

8. A micro-structured optical fibre according to claim 7, wherein the refracrive 
index of a majority or all of the cladding features is lower than the refractive 
index of the cladding material. 



20 



9. A micro-structured optical fibre according to any of the claims 1 -7, wherein the 
refracfive index of one or more of the cladding features is higher than the 
refractive index of the cladding material. 
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10. A micro-structured optical fibre according to claim 1-6, wherein the refractive 
V , index of a majority or all of the cladding features is higher than the refractive 

index of the cladding material. 



I 

11. A micro-structured optical fibre according to any of the claims 1-10, wherein 
said predetermined wavelength is selected from wavelengths in the interval of 
0.3 |am to 2 \Jim. 



12. A micro-structured optical fibre according to claim 1 1 , wherein said 

10 predetermined wavelength is selected from wavelengths in the interval of 

0.6|Lim to 1.2 |j.m. 

13. A micro-structured optical fibre according to claim 12, wherein said 
predetermined wavelength is selected to be about 0.78 um, about 0.98 )im, or 

15 about 1.06 }im. 

14. A micro-structured optical fibre according to claim 1 1 , wherein said 
predetermined wavelength is selected from wavelengths in the interval of 1 2 
^im to 1 .6 um. 

20 

15. A micro-structured optical fibre according to claim 14, wherein said 
predetermined wavelength is selected to be about 1 .3 |im. 
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5 17. 
i 18. 

10 

19. 

15 

20. 
21. 

20 ..V' 



A micro-struclurcd optical fibre according to claim 1 1, wherein said 
predetermined wavelength is selected from wavelengths in the interval of 1 .5 
|im to 1.6 |j.m. 

A micro-structured optical Fibre according to claim 16, wherein said 
predetermined wavelength is selected to be about 1 .55 \im. 

A micro-structured optical Fibre according to any of the claims 1-17, wherein 
said optical Fibre is dimensioned t0* transmit light of said predetermined 
wavelength in a single mode of propagation. 



A micro-structured optical Fibre according to claim 18, wherein the optical Fibre 
is dimensioned to transmit light in a single mode of propagation for a range of 
w^avelengths below said predetermined wavelength. 

A micro-structured optical Fibre according to claim 19, wherein said range of 
wavelengths includes wavelengths down to 0.3 jam. 



A micro-structured optical Fibre according to any of the claims 1-20, wherein a 
part of or all of the core features'Wve cross-sectional dimensions perpendicular 



to said axial direction being smaller than the cross-sectional dimensions of the 




cladding features. 
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22. A micro-structured optical fibrtj according to any of the claims 1-21 , wherein a 

\ 

\ part of or all of the core featuro^ve a centre-to-centre spacing being smaller 



than said predetermined wavelength. 



5 23 . A micro-structured optical fibre according to claim 22, wherein a part of or all 
of the core features have a centre-to^entre spacing being smaller than 0.9 times 
the predetermined wavelength, such as 0.6 times, such as smaller than 0.4 
times, or such as smaller than 0.2 times. 

10 24. A micro-structured optical fibre according to any of the claims 1-23, wherem a 
rv/H of all of the core features h^Ve cross^sectional dimensions perpendicular 

to said axial direction being smaller than said predetermined wavelength. 



25. A micro-structured optical fibre according to claim 24, wherein a part of or all 

1 5 of the core features have cross-sectional dimensions perpendicular to said axial 

direction being smaller than 0.9 times the predetermined wavelength, such as 
0.6 times, such as smaller than 0.4 times, or such as smaller than 0.2 times. 

26. A micro-structured optical fibre according to any of the claims 21-25, wherein 
20 the core features have a cross-sectional dimension perpendicular to said axial 

direction being so large that a second-order mode of propagation is shifted to a 
wavelength of light being shorter or smaller than said predetermined 
wavelength. 
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27. A micro-structured optical fibre according to claim 26, wherein a part of or all 
of the core features have a cross-sectional dimension being larger than 0.2 m. 



10 



28. A micro-structured optical fibre according to claim 26 or 27, wherein a part of 
or all of the core features have a cross-sectional dimension perpendicular to 
said axial direction being so large that the secondorder mode of propagation is 
shifted to a wavelength of light being shorter or smaller than 1 .5 ^m, such as 
smaller than 1 .3 |am, or such as smaller than 1 .06 pm, such as smaller than 0.8 
l^m, or such as smaller than 0.6 fjm, such as smaller than 0.4 nm, such as 
smaller than 0.3 ^m, or such'as smaller than 0.2 pm. 



15 



29. A micro-structured optical fibre according to any of the claims 24-28, wherein 
a part of or all of the core features have a cross-sectional dimension 
perpendicular to said axial direction larger than 0.2 pm, such as in the range of 
0.2 pm to 0.4 pm, such as in the range of 0.4 pm to 1 .0 pm, or such as in the 
range of 1 .0 pm to 1 .8 pm. 



20 



30. A micro-structured optical fibre according to any of the claims 2-29, wherein 
the fibre has been dimensioned so that the value of the effective index of 
refraction of the cladding region, N^., is larger than the effective index of 
refraction of the core region, H„, for wavelengths of lights below a shifting 
wavelength, said shifting wavelength having a value smaller than said 
predetermined wavelength. 
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31. A micro-structured optical fibre according to claim 30, whercm said shifting 
wavelength has a value below 1 .5 Mm, such as below 1 .3 pni, such as below 
1 .06 Mm, such as below 0.8 ^m, such as below 0.6 ^m. or such as below 0.4 

32. A micro-structured optical ffcre according to any of the claims 1-31, wherein 
the core features in the cross section occupy in total a ratio Fc of the core 
region, and the cladding features in the cross section occupy in total a ratio F of 
the cladding region, and Fc is smaller than F- 

33. A micro-structured optical fibre according to claim 1 or any of the claims 2-21, 
wherein the cladding features are periodical features. 

34. A micro-structured optical fibre according to claim 33, wherein the effective 
mdex of refraction of the core region, Nco, is lower than the effective index of 
refraction of the cladding region, Nc, at said predetermined wavelength of light. 

35. A micro-structured optical fibre according to any claims 33 or 34. wherein the 
core features have cross-sectional dimensions perpendicular to said axial 
direction being larger than the cross-sectional dimensions of the cladding 

features. 



-structured optical fibre accordixig to any of the claims 33-35, wherein 
the core features in the cross section oocm i" total a ratio Fc of the core 



\ 36. A micro 
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region, and the cladding features in the cross section occupy in total a ratio of 
the cladding region, and Fc is larger than Fj. 

37. A micro-structured optical fibre according to any of the preceding claims, 
5 wherein the core features have a centre-to-centre spacing being substantially 

equal to the centre-to-centre spacing of the cladding features. 

^Y* 38. A micro-structured optical fibre according to any of the claims 1 -36, wherem 
V' N' the core features have a centfe-to-centre spacing being smaller than the centre- 

1 0 to-centre spacing of the claddiing features. 

)' 

39. A micro-structured optical fibre according to any of the preceding claims, 

wherein the number of core features is larger than 2, such as larger than 5, such 
as larger than 17. 



15 



20 



40. A micro-structured opfical fibre according to any of the claims 1-38, wherein 
the number of core features is equal to 7 or equal to 13 or equal to 19. 

41. A micro-structured optical fibre according to any of the claims 1-40, wherein 
the refractive index of the core material is lower than the refractive index of the 
cladding material. 



42. A micro-structured optical fibre according to any of the claims 1 -40, wherein 
the refractive index of the core material is substantially equal to the refractive 
25 index of the cladding material. 
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43. A m,cro.s,™c,u,ed op„cal fibre accord,nf ,o any of ,he claims 1-40, where.n 
,hc refractive index of .he 'cL marenal .s l-rgher than the refracvc tnde. of 

the cladding material. 

44. A micro-structured optical fibre according to claim 42, whereirr the core 
material and the cladding material are made of the same material. 



45. A micro-structured optical fibre according to any of the claims 1 -44, wherem at 
least 600/0, such as at least 8O0/0, or such as all of the claddmg features have a 
> N cross-sectional dimension perpendicular to said axial direction being larger than 

the wavelength of light guided by said fibre. 

> 

46. A micro-structured optical ri^re according to any of the preceding claims, 
wherein the core region has a diameter larger than 2 ^m. 



15 



47. A micro-structured optical fibre according to claim 46, wherem the core region 
has a diameter in the range of 2 - 50 ^m, such as in the range from 2- 5 ^m, 
such as m the range from 5- 10 ^m, such as in the range from 10 -25 ^m, 
20 such as in the range from 25 -50 pm, 

48. A micro-structured optical fibre according to any of the preceding claims, 
. ,^ , ^ wherein the cladding features have a diameter or a cross.ectional dimension 
' being larger than 0.45 times the centre:to-centre spacing of said cladding 
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features, such as larger than 0.6 times the cladding feature spacing, or such as 
larger than 0.9 times the cladding feature spacing. 

49. A micro-structured optical fibre according to any of the preceding claims, 

5 wherein the cladding features occupy at least 25% of the cross^ection of the 

cladding region, such as more than 40%, such as more than 50%, such as more 
* V ' / than 60%, such as more than 70%o, such as more than 80%o, 

50. A micro-structured optical fibre according to any of the preceding claims, 

10 wherein the core features occupy more than 5% of the cross-section of the core 

region, such as more than 10%o, such as more than 25%, such as more than 
50%, such as more than 75%, 

51. A micro-structured optical fibre according to any of the preceding claims, 
1 5 wherein the core features are periocjical features. 

52- A micro-structured optical fibre according to any of the preceding claims, 

wherein the spacing of the core features and/or the cladding features are in the 
range of about 0.2 i^m to 10 ^m. 



20 



53, A micro-structured optical fibre according to any of the preceding claims, 
wherein the core material and/or the first cladding material is silica. 



P 535 USOO 



# 



87 



1- . 



A micro-structured optical fibre Recording to any of the preceding 



t 54 A micro-structured optical tiwey 

vi 

' J 1 • ^rxm nf thp rnre 



claims, 



wherein one or more of the core features are rods, 

55. A micro-structured optical fibre according to claim 54, wherein a majority or 
5 all of the core features are rods. 



56. A micro-structured optical fibjje according to any of the preceding claims, 
^ / wherein one or more of the cladding features are rods. 



10 



57. A micro-structured optical fibre according to claim 56, wherein a majority or 
all of the cladding features are rods. 



58. A micro-structured optical fibre according to any of the claims 55-57, wherein 
some or all of the rods of the core features and/or the cladding features are 

15 made of silica. 

59. A micro-structured optical fibre according to claim 58, wherein one or more of 
the silica core features and/or cladding features are doped with one or more 
materials selected from a list comprising; Ge, Al, F, Er, Yb, Nd, La, 



20 



60. A micro-structured optical fibre according to any of the preceding claims, 
wherein one or more of the core features are voids. 



25 



r 

'61. A micro-structured optical fibre accordi^o any of the claims 1-54 or 56^0, 
wherein a majority or all of the core features are voids. 
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62. A micro-structured optical fibre according to any of the preceding claims, 
wherein one or more of the cladding features are voids. 



V t 



63. 



y ' ^ 



A micro-structured optical fibre according to any of the claims 1-56 or 58-62, 
wherein a majority or all of the cladding features are voids. 



64. A micro-structured opticW fibre according to any of the claims 60-63, wherein 
the voids of the core region and/or the cladding region contain air, another gas, 

10 or a vacuum. 

65. An article according to any of the claims 60-63, wherein any of the core 
features and/or the cladding features are voids containing polymer(s), a material 
providing an increased third-order non-linearity, a photo-sensitive material, or a 

15 rare earth material. 

66. An article comprising a micro-structured optical fibre for guiding light at an 
operating wavelength, said optical fibre having an axial direction and a cross 
section perpendicular to said axial direction, the optical fibre comprising: a core 

20 region having en effective refractive index N,. and being surrounded by a 

cladding region comprising a multiplicity of spaced apart cladding features 
being elongated in the axial direction and disposed in a first cladding material, 
the cladding features having a refractive index that differs from a refractive 
index of the first cladding material, the cladding region flirther comprising an 

25 inner cladding region surrounding the core region and an outer cladding region 
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surrounding the inner cladding region, the inner cladding region having an 
effective refractive index N, and the outer cladding region having an effective 
refractive index No, with N, being larger than N,, at the operating wavelength. 



67. An article according to claim 66, wherein the inner cladding region comprises 
the first cladding material and t|ie cladding features disposed therein, the first 
cladding material thereby constituting an inner cladding material and the 
cladding features disposed in the first cladding material constitufing a 
multiplicity of spaced apart inner cladding features. 



68. 



An article according to claim 67, wherein the outer cladding region comprises a 
multiplicity of spaced apart outer cladding features being elongated in the axial 
direction and disposed in an outer cladding material, the outer cladding features 
having a refractive index that differs from a refractive index of the outer 
15 cladding material. 

69. An article comprising a micro-structured optical fibre for guiding light at an 
operating wavelength, said optical fibre having an axial direction and a cross 
section perpendicular to said axial direction, the optical fibre comprising a core 

20 region surrounded by an inner cladding region that comprises a multiplicity of 

spaced apart inner cladding features that are elongated in the axial direction and 
disposed in an inner cladding material, the inner cladding region being 
surrounded by an outer cladding region that comprises a multiplicity of spaced 
apart outer cladding features that are elongated in the axial direction and 

25 disposed in an outer material, the inner cladding features having a refracfive 
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index that differs from a refractive index of the inner cladding material and the 
inner cladding region having an effective refractive index N, and the outer 
cladding features having a refractive index that differs from a refractive index 
of the outer cladding material and the outer cladding region having an effective 
refractive index No, wherein N, is larger than N„ at the operating wavelength. 

70. An article according to claim 68 or 69, wherein the core region has an effective 

refractive index Nco, the difference between Ho and Ni being a function of the 

wavelength of the guided light so that the effective index of the core region Ho 

10 ' is substantially equal to the effective index aif the inner cladding region N'lat a 

■ \ 

wavelength referred to as the shifting wavelel^th, and wherein Ni is larger than 
No for operating wavelengths equal to or below said shifting wavelength. 

71. An article according to claim 70, wherein Ho is larger than N, for at least a 

1 5 range of wavelengths longer than the shifting wavelength, and N^o is lower than 

Ni for at least a range of wavelengths shorter than the shifting wavelength. 

72. An article according to claim 70, wherein Ho is lower than N, for at least a 
range of wavelengths longer than the shifting wavelength, and Nco is higher 

20 than N, for at least a range of wavelengths shorter than the shifting wavelength. 



73. 



An article according to claim 7 1 or 72, wherein H is larger than No for a range 
of wavelengths above the shifting wavelengths. 
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IS a 



An article according to an^ of the claims 67-73, wherein the core region 
substantially solid core made of a core material and having an effective 
refractive index N., being substantially equal to the refractive index of the core 
material. 

75. An article according to any of the claims 67-73, wherein the core region 

comprises a multitude of spaced apart core features being elongated in the axial 
' direction and disposed in a core material. 



10 76. An article according to any of the claims 6^75, wherein all or at least part of 
the inner cladding features have a cros^sectional dimension being smaller than 
a cross-sectional dimension of the outer cladding features. 

77. An article according to any of the claims 68-76, wherein the centre-to-centre 
spacing between inner and outer cladding features is substantially identical. 

78. An article according to any of the claims 67-77, wherein the refractive index of 
the core material is lower than the refractive index of the inner cladding region 
material. 

79. An article according to any of the claims 6^78, wherein the inner cladding 
features in the cross-section occupy in total a ratio, F„ of the inner cladding 
region and the outer cladding features in the cross-section occupy in total a 
ration, Fo, of the outer cladding region, and F is smaller than F„. 



25 
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An article according to any of the claims 6^75 or 79, wherein all or at least 
part of the inner cladding feature^tave a cross-sectional dimension being 
substantially identical to a cro'ss-s'ectional dimension of all or at least part of the 
outer cladding features. 



81 . An article according to claim 80, wherein the centre-to-centre spacing b^ween 
inner cladding features is larger than the centre-to<entre spacing between outer 
cladding features. 



An article according to any of the claims 68-81, wherein the number of inner 
cladding features is lowe^ than 6, such as equal to 4, such as equal to 3, such as 
equal to 2. 

An article according to any of the claims 67-82, wherein the refractive index of 
the inner cladding material is substantially identical to or larger than the 
refractive index of the outer cladding material. 



An article according to any of the claims 68-75, wherein the refractive index of 
the inner cladding material is larger than the refractive index of the outer 
20 cladding material and the inner cladding features in the cross^ection occupy an 

area, Fi, of the inner cladding region and the outer cladding features in the 
cross-section occupy an area, F. of the outer cladding region, and F, is equal to 
or larger than Fo. 



10 
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85.. An article according to an^of the claims 67-84, wherein the refractive index of 
1 one or more of the inner oteidmg features is higher than the refractive index of 

the inner cladding material. 



86. An article according to claim 85, wherein the refractive index of a majority or 
all of the inner cladding features is higher than the refractive index of the inner 
cladding material. 

-^ 87. An article according to any of the claims 67-84, wherein the refractive index of 
■ • one or more of the inner cladding features is lower than the refractive index of 
the inner cladding material. 



88. An article according to claim 87, wherein the refractive index of a majority or 
all of the inner cladding features is lower than the refractive index of the inner 
15 cladding material. 



89. An article according to claim 66, wherein the outer cladding region comprises 
the first cladding material and the cladding features disposed therein, the first 
cladding material thereby constituting an outer cladding material and the 
cladding features disposed in the first cladding material constituting a 
jltiplicity of spaced apart outer cladding features. 



20 



mui 



90. An article according to claim 89, wherein the core region compnses a multitude 
of spaced apart core features being elongated in the axial direction and disposed 
25 in a core material. 
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91 . An article according to claim 90, wherein the refractive index of the core 
features is larger than the refractive index of the inner cladding material, and 
the refractive index of the core material is lower than the refractive index of the 

5 inner cladding material. 

92. An article according to claim 90, wherein the refractive index of the core 
features is lower than the refractive index of the inner cladding material, and 
the refractive index of the core material is larger than the refractive index of the 

1 0 inner cladding material. 

93. An article according to any of the ckims 9(^92, wherein the inner cladding 
,v</ ' region comprises an inner cladding material with the refractive index of said 

■ ^' inner cladding material being larger than the refractive index of the outer 

15 cladding features. 



94. 
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95. 



An article according to claim 93, wherein the refractive index of the inner 
cladding material is about equal to or larger than the refractive index of the 
outer cladding material. 

An article according to any of the ^laims 6^94, wherein the refractive index of 
one or more of the outer claddiug features is higher than the refractive index of 
the outer cladding material. 



99. 
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96. An article according to claim 95, wherein the refractive index of a majority or 
all of the outer cladding features is higher than the refractive index of the outer 
cladding material. 



97. An artic 



le according to any of the claims 68-94, wherein the refractive index of 



... one or more of the outer claddingVeatures is lower than the refractive index of 
the outer cladding material. 

98. An article according to claim 97, wherein the refractive index of a majority or 
10 all of the outer cladding features is lower than the refractive index of the outer 

cladding material. 



An article according to any of the claims 75-88 or 90-98, wherein the refractive 
index of one or more of the core features is higher than the refractive index of 



11; ,<-. the core material. 

i. ' ] 

' ' 100. An article according to any of the claims 7^88 or 90-98, wherein the refractive 
index of one or more of the core feature^ lower than the refi-active index of 

the core material. 

101 . An article according to any of the claims 6^77 or 79-100, wherein the 

refractive index of the core material is substantially identical to the refractive 
index of the inner cladding region material. 



20 
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102. An article according to iiy of the claims 6^101, wherein the refractive mdex 
of the core material is substantially identical to the refractive index of the outer 
cladding region material. 

103. An article according to any of the claims 7^102, wherein the core features 
have a cross-sectional dimension that is smaller thana cross-sectional 

, • : • dimension ofthe inner cladding features. 

■ 104. An article according to any ofthe claims 75-103, wherein the core features 

have a centre-to-centre spacing that ,s smaller than the centre-to-centre spacing 
ofthe inner cladding featul^s. f 



105. An article according to any of\he claims 6^104, wherein the outer cladding 
features occupy more than 30% ofthe cros^section of the outer cladding 
region, such as more than 40%, such as more than 50%, such as more than 
60%, such as more than 70%, such as more than 80%. 

106. An article accordmg to any ofthe claims 67-105, wherein the inner and/or outer 
cladding features are periodically disposed. 

107. An article according to any ofthe claims 75-88 or 90-106, wherem the core 
features are periodical core features. 



15 



20 



108. An article according to any ofthe claims 6^107, wherein the core has a 
; 25 diameter larger than 2 m. 



V 
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109. An article according to claim 108, wherein the core diameter is in the interval 
from 2 to 10 m, such as in the interval from 4 to 6 m. 

110. An article accord.ng to any otthe claims 6^109, wherem the mner and/or outer 
cladding features have a spacing in the range of about 0.1 to 10 t.mes the 
wavelength of any light guided through the fibre, such as in the range of about 
0.5 to 1, such as in the range of about 1 to 2, such as m the range of about 2 to 
5, such as in the range of about 5 to 10. 



111. An article accordmg to any of the claims 75-88 or 90-1 10, wherein the core 

features have a spacing in the range of about 0.1 to 10 times the wavelength of 
any light guided through the fibre, such as in the range of about 0.5 to 1, such 
as in the range of about 1 to 2, such as in the range of about 2 to 5, such as in 
^ 5 the range of about 5 to 10. 



1 1 2. An article according to any of the claims 75-88 or 90-1 11 , wherein the core 
features have a spacing in the range of about 0.1 mtolO m, such asm the 
range of about 0.5 m to 1 m, such as m the range of about 1 mto2 m. 
such as in the range of about 2 mto5 m, such as m the range of about 5 m 



20 



to 10 m. 



113. An article according to any of the claims 75-88 or 90-1 12. wherem one or 
of the core features are voids. 



more 
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114. An article accord.ng to cla,m 113, wherein a majority or all of the core features 

are voids. 

. -S us. An article according to any ofthe,c1aims 67-88 or 95-1 14, wherem one or more 



"J 



A 

of the inner cladding features are voids. 

116. An article according to claim 1 1 5, wherein a majority or all of the inner 
cladding features are voids. 



more 



10 V . 117. An article according to any of the claims 68-1 16, wherein one or 
outer cladding features are voids. • 



118. An article according to claim 1 17, wherein a majority or all of the outer 
cladding features are voids. 



of the 



15 



119. An article according to any of the claims 113-11 8, wherein one or more of the 
core features and/or the claddmg features are voids contaimng air, another gas. 
' * I ' or a vacuum. 

20 120. An article according to any of the claims 75-88 or 90-1 13 or 1 15-1 19, wherein 
one or more of the core features are rods. 

121. An article according to claim 120, wherein a majonty or all of the core features 
are rods. 



25 
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^ ill. An article according to any.of the claims 67-88 or 95-1 15 or 1 17-121, wherein 
one or more of the inner cladding features are rods. 



123. An article according to claim 122, wherein a majority or all of the inner 
5 cladding features are rods. 

. , ,1^4. An article according to any of the claims 68-1 17 or 1 19-123, wherein one or 
more of the outer cladding features are rods. 

10 125. An article according to claim 124, wherein a majority or all of the outer 
cladding features are rods. 



26. An article according to any of the claims 1 13-125, wherein one or more of the 



1 

core features and/or the cladding features are voids containing polymer(s), a 
1 5 c . material providing an increased third-order non-linearity, a photo-sensitive 
'• material, or a rare earth material. 

127. An article according to any of the preceding claims, wherein the fibre guides 
light at a predetermined wavelength in a single mode. 

20 

1 28. An article according to claim 127, wherein said predetermined wavelength is in 
' ' the range from about 0.3 mtolS m, such as from about 0.5 mtol.6 m, 

such as around 0.8 m, such as around 1 .06 m, such as around 1 .3 m, such 
as around 1.5 m, such as from about 1 .0 m to 2.0 m, such as from about 2 
25 m to 5 m, such as from about 5 m to 1 5 m. 
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1 29. An article according to claim 1 28, wherein the fibre guides light at several 
predetermined wavelengths. 



1 30. An article according to claim 67 or 68, wherein the core region is a 

substantially solid core made of a core material and having an effective 
refractive index Neo being larger than N; at the operating wavelength. 

10 131. An article comprising a micro-structured optical fibre for guiding light at an 
operating wavelength, said optical fibre having an axial direction and a cross 
section perpendicular to said axial direction, the optical fibre comprising a core 
region having an effective refractive index and being surrounded by an 
inner cladding region that comprises a multiplicity of spaced apart inner 
1 5 cladding features that are elongated in the axial direction and disposed in an 

inner cladding material, the inner cladding region being surrounded by an outer 
cladding region that comprises a multiplicity of spaced apart outer cladding 
features that are elongated in the axial direction and disposed in an outer 
material, the inner cladding features having a refractive index that differs from 
20 a refractive index of the inner cladding material and the inner cladding region 

having an effective refractive index N„ and the outer cladding features having a 
refractive index that differs from a refractive index of the outer cladding 
material and the outer cladding region having an effective refractive index N,, 
wherein: 



25 
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N, is larger than N,, at the operating wavelength, the core region is a 
substantially sol.d core w.th a core diameter around or below 4 and with an 
effective refractive index N.. bemg larger than N, at the operating wavelength, 
the centre to centre spacing or pitch of the inner cladding features, A„ is around 
or below 2 ^m, the inner cladding features have a diameter or cross sectional 
dimension, d„ folfiUmg the requirement that d,/A, is equal to or below 0.7 and 
equal to or above 0.2, the centre to centre spacing or pitch of the outer cladding 
features, Ao, is around or below 2 ^m, and the outer cladding features have a 
diameter or cross sectional dimension, d. fuimiing the requirement that d„/Ao 
is equal to or above 0.4. 

132. An article according to claim 130 or 131, wherein Ho is larger than N, for all 
wavelengths of optical radiation which can be guided by the micro-structured 

f ^ fibre. 
** 

133. An article according to any of the claims 130132, wherein the effective 
refractive index difference between the core region and the inner cladding 

region is greater than about 5%. 

134. ' An article according to any of the claims 130-133, wherein the core region and 

the inner cladding region are mutually adapted so that the micro-structured 
fibre exhibits a substantially zero dispersion or near-zero dispersion wavelength 
within the range of 1 .2 ^m to 1 .8 ^m, such as within the range of 1 .48 ^m to 
1 .62 ^m, such as within the range of 1 .52 ^m to 1 .58 ^im. 
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135. An article according to any of the claims 13(M34, wherein the centre to centre 
spacing or pitch of the inner cladding features, A„ is around or below Z^m, 

•■ . suchasaroundorbelowl.5nm,suchasaroundl.4Mm,orintherangeofl 

5 y i^m to 2 ^m, such as in the rang? of 1 |am to 1 .5 ^im. 

136. An article according to any of the claims 130-137, wherein the number of inner 
cladding features is higher than pr equal to 6. 

10 137. An article according to claim 136, wherein the inner cladding features have a 
diameter or cross sectional dimension, d. and a centre to centre spacing or 
pitch, Ai, fiilfilling the requirement that d,/A, is in the range from 0.2 to 0.4, 

such as about 0.3. 

15 138. An article according to any of the claims 130-137, wherein the centre to centre 
spacing or pitch of the outer cladding features, A. is substantially equal to the 
centre to centre spacing or pitch of the inner cladding features, A. 

139. An article according to any of the claims 130-135, wherein all or at least part of 
20 the inner cladding features have a diameter or cros^sectional dimension being 

substantially identical to a diameter or cross-sectional dimension of all or at 
least part of the outer cladding features. 
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140. An article according to claim 139, wherein the number of inner cladding 

features is lower than 6, such as equal to 4, such as equal to 3, such as equal to 
2. 



141. An article accordmg to claim 139 or 140, wheretn the centre to centre spacmg 
between inner claddmg features yy Wr than the centre to centre spacmg 
' between outer cladding features A„. n 



142. An article according to claim 141, wherein the inner claddmg features have a 
10 diameter or cross sectional dimension, d. and a centre to centre spacing or 

pitch, A„ fulfilling the requirement that d./A, is in the range from 0.25 to 0.5. 

143. An article accordmg to claim 141, wherein the inner cladding features have a 
diameter or cross sectional dimension, d. ftilfilling the requirement that d,/A, .s 

-15 in the range from 0.28 to 0.57. 

144. An article according to claim 141, wherein the inner cladding features have a 
diameter or cross sectional dimension, d. and a centre to centre spacing or 
pitch, Ai, fulfilling the requirement that d/A, is in the range from 0.35 to 0.7. 

20 1^ 

,45. An article according to any of the claims 130-144, wherein the centre to centre 

T spacing or pitch of the outer cladding fea^Hres, A. is around or below 2 ^m, 

' ' ' such as around or below 1 .5 ^.m, such^j.^und 1 A^m, or in the range of 1 

l^m to 2 ^m, such as in the range of 1 ^m to 1 .5 ^m. 
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An article according .o c,.,. M4 or .45, w„ere,„ ,he o„,er c,aad,„. features 
tave a d,ame.e, or cross seciona, dimc„s,o„, 4, fuifdUng .he requ.remen. .ha, 
d,A. is e,„al ,0 or below 0. and c,ual .o or above OA such as abou. 0.5 or 

such as about 0.6. 

,47 An article according .o any of .hV c,ain,s , 3(^.46, wherein .he core has a 
around or below 2 ^m. such as around or below 1 .5 (im. 



V 



10- y 

,4S An arriclc accordrng .o any of ,he,i,tas 130-147, wherern .he refraCve index 

u . n ViiaVipr refractive index than an 
inner and/or a central portion ot the core ha. a higher 

1 5 outer portion of the core. 

„e core conrprises one or nrore rods havin, a higher refractive index .ban .he 
background rndex of .he core or the outer portion of .he core. 



20 



„50 An article according to clatn, ,4ior ,49, wherern the inner a„d,or central 
? V ■ portion of the core has a htgher r^ft^ttve tndex than the refractive index o 
inner cladd.ng ntaterial and/o, th^otXer cladding ntatenal. 
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,5, A„ aniCc according .0 any of .he claims ,3^.50. wherein a. leas, par, of rhe 
core region has a refraCive index heing subsun.iaily iden.ica, ro .he refraOrve 
index of Ihe inner and'or ou.er cladding region material, 

, ,52. An article according .0 any of, he claims 13,.. 50, wherein a. leas, par, of , he 
core region has a refraCive index being larger ,han rhe refractive rndex of .he 
inner and/or ou.er cladding region maleriaf 



10 



,53, An article accordrng .0 any of .he claims I3(.I50, wherein a. leas.par. of .he 
core region has a lower refractive index than the refractive .ndex of ,he ,„ner 
cladding nralerial and/or the on,er claddirfg material 



,54. An article according to any of the claims .3M53, wherein the inner cladd.ng 
features are voids and'or rods having a lower refractive index ,han the ,nner 

^5 cladding material. 

,55. An article accord.ng to any of the cla.ms 1 30-1 54, wherein the outer claddrng 
features are voids and,or rods havmg a lower refractive index than the outer 

cladding material. 



20 



, 56. An article according to any of the claims I30I38 or ,40-155, whercm all or a. 
leas, par. of ,he inner cladd.ng fea,ures have a cros.sec.ional d.mension being 
smaller ,han a cros^sectional d.mens.on of .he o„,er cladding fearures. 
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157. An article according to any of theVlaims 130156, wherein the retractive index 
of the inner cladding material is substantially identical to the refractive index of 
the outer cladding material. 

158. An article according to any of the claims 130-157, wherein the inner cladding 
features in the cross-section occupy in total a ratio, F„ of the inner cladding 
region and the outer cladding features in the cross-section occupy in total a 

% > ! ration, Fo, of the outer cladding region, and F, is smaller than Fo- 



'■1 y ^ 

10 159. An article according to any of the claims 130-158, wherein one or more of the 
cladding features are voids containing air, another gas, or a vacuum. 



160. An article according to any of the claims'l 30-1^8, wherein one or more of the 
cladding features are voids containing polymer(s), a material providing an 
increased third-order non-linearity, a photo-sensitive matenal, or a rare earth 



15 



20 



material. 

161 . An article according to any of the preceding claims, wherein the core region 
and/or the cladding regions comprise silica. 

1 62. An article according to any of the preceding claims, wherein the core and/or 
any of the cladding materials contains polymer(s), are material(s) providing an 
increased third-order non-linearity, are photo-sensitive material(s), or are rare 
earth material(s). 



25 
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M. An article accord.ng ,0 any of .he preeed.ng elaims, wherein said fibre ,s 

dinrensroned .o gu.de ligh. of prede.emr.ned »ave,eng.h in ,wo s„bs,ant,a„y, 

non-degenerate polarization states. 



164. An article according to any of the preceding claims, wherein the fibre is 

, ■ c- ^ lpa";t 1 0'^ such as of at least 1 0"*, such of 
characterized by a birefringence of at least lu , sucn a 



cr 

as at least lO'l 



' \es. Anarticleaccordingtoanyoftheprecedingclaims,where.nthecoreregionhas 
,0 a substantially two-fold symmet,^, obtained from arrangement of the core 

features in a substantially two-fold symmetric manner. 

, 66. An arrrcle aceording to any of .he preeeding claims, wherein the core region 
comains core feanrres w„h a non-circuiar symnremc shape ,n ,he fibre cross- 

>! 5 section. 

167. An article according to any of the preceding claims, wherein the shape of the 
core region deviates substantially from a circular shape in the fibre cross- 



20 



section. 



1 68. An article according to any of the preceding claims, wherein shape of the core 
region deviates substantially from a quadratic shape, a hexagonal shape, or a 
higher order polynomial shape in the fibre cross^ection. 
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V 

169. An article according to any of the preceding claims, wherein shape ot the core 
region is substantially rectangular in the fibre cross^ection. 



1 70. An article according to any of th^ preceding claims, wherein the core region 
'> C ■ 3j,d/or cladding region has sufetantiaHy a 1 80 degree rotational symmetry in 



V 



the fibre cross-section. 



171. An article according to any of the claims 1-166 or 170, wherein shape of the 
core region is essentially circular or elliptical. 
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